Computational Tools for
Biologists to Draw Insights
from Comparative Sequence
Data
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Tales of How Comparative
Sequence Data Led to
Biological Insights




W&mﬁ AVID - The Alignment Engine Behind VISTA
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VISTA is an integrated system for global + Global Alignment
sequence alignment and visualization,

*VISTA — Standard VISTA for 2 way sequence
comparisons

*rVISTA — regulatory VISTA
*aVISTA — audio VISTA

Godzilla: Whole Vertebrate Genome Comparisons




2 Way Sequence Comparison
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Since June 2000 > 5500 request for sequence analysis and
> 320 copies of software distributed




http://pipeline.lbl.gov

= Comparative analysis of whole
vertebrate Genomes

* Annotation and Visualization of
elements conserved in two genomes

Input d;n‘a
(pipeline)

Human Genome - GoldenPath Assembly: genome.ucsc.edu

RefSeq gene annotation -- UCSC
Ensemble gene annotation -- Ensemble

2nd Vertebrate Genome:
Mouse:
Fugu

Rat




/. | KPIPELINE FOR'REAL=TIME COMPARATIVE'ANALYSIS'OF THE HUMAN'AND MOUSE GENOMES

%  GopZNIA 0

Running the pipeline...

?Z?,Iﬁﬁ’: C M Conti ds . Lior Pachter
——r urrent Mouse Contigs and Supercontigs Ivan Ovcharenko
Inna Dubchak

ATGICCA http://pipeline.lbl.gov/
wnnnnnl - Mask repetitive elements RepeatMasker
GTCTTCT

Localize homologous sequence in the Human
Genome (BLAT w/postprocessing)

puman semaerceny Align Human and Mouse sequences (4VID)
e
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Build VISTA plots
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A PIPELINE FOR REAE-TIME COMPARATIVE'ANALYSIS'OF THE HUMAN'AND MOUSE GENOMES
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GODZILLA

Mouse SuperContig Coverage of Human Genome
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Wiring Diagram

Wayward Discovery of a
New Apolipoprotein
Gene




Human Chromosome 11q23 Apolipoprotein Gene Cluster
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Human/Mouse Apolipoprotein Gene
Cluster Sequence Comparison
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Predicted Protein Sequence Has Homology to ApoAIV
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ApoAY associates with HDL and VLDL

Western Blot of Human Plasma

FPLC Separation of Mouse Plasma

VLDL HDL

LDL HDL VLDL
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Human ApoAYV Transgenic and Knock Out Mice

ZNF259 Apo AV Apo AIV  ApoCIII  Apo Al
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Lipid Levels in Mice with High and Low ApoAV

*ApoAYV transgenics have

Reative decreased triglycerides.
controls
500% — *ApoAV KO’s have increased
triglycerides.
400%
300%  Triglycerides Cholesterol
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The Role ApoAV in Humans?

Association Study I: ApoAV Polymorphisms and Plasma Parameters
ApoAV

<

(apoAI/CIII/AIV cluster)

I_ 11 |- 1~7_I|7 1171 4i
Mi SNP1 SNP2 SNP3 SNP4
inor allele
Frequency(%) (91) (84) (9-2) (322)

Genotyped 500 normal individuals phenotyped for plasma:
-Triglycerides

-IDL, LDL, HDL, VLDL Mass

-HDL, LDL Cholesterol

-ApoAl, ApoB




Association Study I: ApoAV Polymorphisms and Plasma Parameters
ApoAV

—

(apoAI/CIII/AIV cluster)

I_1'1+1~7 : TT 1
Minor allele SNP1 SNP2 SNP3 SNP4
Frequency(%) (9:1) (8.4) (9.2) TRIGLYCERIDES 32.2)
0.02 0.003 0.0002 P values

Genotyped 500 normal individuals phenotyped for plasma:
-Triglycerides*

-IDL, LDL, HDL, VILDIL Mass*

-HDL, LDL Cholesterol

-ApoAl, ApoB

Effect of ApoAV SNPs on Triglyceride Levels
ApoAV

<

(apoAI/CIII/AIV cluster)

1.14-1.9 11.1kb
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Minor ApoAYV haplotype in
human is associated with
increased plasma triglycerides

Association Studies..... Is this finding reproducible????

Association Study III: 2200 Male English Civil Servants

4

3

Triglycerides 2

(mmol/L)

1,1 1,2 22
SNP3 Genotype

* P<0.01
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How a Room Full of Primates
are Better Than One for
Finding Primate Specific

Regulatory Elements

Lp(a) <

Apolipoprotein(a)




Apo(a) Plasma Levels are Highly Variable

* apo(a) 1000-fold

frequency

<1 50 >100 mg/dl

* standard protein ~10-fold

~ 50% of apo(a) variability in levels is attributable
to the regulation of the transcription of the gene

Apo(a) : Limited Distribution Among Mammals

-5 ! ‘
Hedgehog

New-World Monkeys

Presence of the
apo(a) gene

Lemur
(prosimian)
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Phylogenetic Shadowing:
Strategy to identify regulatory

5’ apo(a) gene
elements of a recently evolved gene:
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| human

— & - #— chimp

- - —m m— gorilla

° . ——8 s—m—m——u8 baboon

Phylogenetic Shadowing ==& macaque

- = —= #— green monkey

sequence conservation across multiple ——= sm—m-—a—  colobos

close species as a means to increase 1 -

evolutionary distance Sequence elements conserved across all species:

candidate regulatory element

Il : nucleotide difference with at least one species




Base Pair Identities Among Human, Chimp and Baboon (160 kb)
Apo(a)
Baboon

% variation

Phylogenetic Shadowing:

30
25
20
15
10

O Human vs. Baboon

m Comparison of 8 primate species

il

intron exon promoter non-coding




Variation

Sequence Conserved Across 8
Primate Species
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How Do We Test In Vivo Regulatory
Elements of a Gene not Present in Mice?

Human apo(a) YAC (270 kb)

Human apo(a) is
regulated “similarly” in
humans and mice:




apo(a) present in some primates but...

Marsupials

Insectivores (hedgehogs,..)

Rodents

Cows

Pigs

Lemurs

New  Wild Monkeys

Old Wiid Monkeys

Hominoids

The hedgehog and primate apo(a) gene
an example of a) gene loss or
b) convergent evolution ?

F Gene Loss: When species had a gene
but lost it via deletions or inactivation

Convergent evolution: When genes
| evolve independently to the same
' function.




Genomic BAC library

|

Sequence hedgehog apo(a) gene

human plasminogen ‘ 4

]ilumana oga

uman plasminogen

hedgehog plasminogen
hedgehog apo(a)

hedgehog plasminogen ’
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Evolution acts in mysterious
ways

Sequence data from many
species may reveal some of its
motives
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